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Introduction
Approximately 30-40% of epileptic patients are resistant to antiepileptic drugs to some degree. 1 Advances in diagnostic techniques such as videoelectroencephalography and magnetic resonance imaging and the development of a range of therapeutic surgical procedures have meant that a growing number of patients with diverse syndromes or epileptogenic foci can benefit from surgery. 2 Temporal lobe epilepsy is listed in the International League Against Epilepsy (ILAE)'s International Classification of Epilepsy and Epileptic Syndromes, 3 as a condition in which focal seizures originate in a region of the temporal lobe. Patients with temporal lobe epilepsy are the largest group in surgical series 4, 5 and also have the best seizure outcome. 6, 7 Neuropsychological assessment is an essential component of the preoperative evaluation of patients with medically intractable epilepsy who are candidates for epilepsy surgery. 8 The assessment aims to determine the site of cerebral dysfunction by obtaining functional information to complement the findings of other exploratory techniques. 9 Furthermore, it provides a baseline performance for use as a reference point for evaluating cognitive surgical outcome. 10 Mesial temporal structures are especially vulnerable to epileptogenesis 11 and, given the region's involvement in mnemonic abilities, research with patients with temporal lobe epilepsy has made a significant contribution to the development of neuropsychological models of memory. 12 Memory disturbances have consistently been found in patients with temporal lobe seizures because of the relationship between mesial temporal structures and memory processes 13 and moreover, several studies have reported a material-specific memory impairment in these patients according to the side of epileptogenic focus: left temporal (LT) lobe seizures appear to be related to a deficit in verbal memory processes and right temporal (RT) lobe seizures to visuospatial memory impairment. [14] [15] [16] Several studies have reported evidence of the material-specific theory for verbal memory and drug-resistant LT seizures 17, 18 and for RT seizures and visual memory tests. 8, 12, 19 However, other investigators have failed to detect differential impairment in verbal and visuospatial tasks according to seizure laterality [20] [21] [22] [23] [24] [25] [26] [27] or only report differences when considering delayed memory measures. 28 Moreover, naming is the subjective complaint most frequently reported by patients with epilepsy. 29 The vast majority of studies report that a naming ability deficit is especially prevalent in patients with temporal seizures originating in the language-dominant hemisphere.
17,30-37 Saykin et al. 34 and Schefft et al. 36 found poorer naming performance in patients with LT seizures than in patients with RT seizures. Other authors 37, 38 observed a similar deterioration in the two groups with regard to normative data, or found no differences. 39 So one would expect to find scores on the memory subtests to differ according to the type of sensory stimulus involved. The material-specific theory predicts that patients with LT seizures will perform worse on verbal memory measures than patients with RT seizures, and better on visual memory measures, and that patients with LT seizures will perform worse on naming tasks.
The present study has two aims: first, to compare cognitive performance in different cognitive domains (declarative memory and language) in patients with drug-resistant temporal seizures, focusing on the influence of hemisphere of the epileptogenic region (left, right); second, to identify which subtests in the neuropsychological battery best predict the epileptogenic hemisphere of patients in this sample.
Methods

Subjects
The sample consisted of 29 consecutive patients diagnosed with drug-resistant temporal lobe epilepsy (TLE) in whom the epileptogenic focus was clearly identified and localized to either the right or left hemisphere. Patients underwent a full neuropsychological assessment as part of their pre-surgical evaluation for epilepsy surgery at the Epilepsy Unit of the Hospital Clínic i Provincial of Barcelona between 2002 and 2003.
Inclusion criteria were: age 18 years or over, intellectual ability average or above (FIQ > 80), right-handedness, and a well-established seizure origin (demonstrated by video-EEG and neuroimaging). No patients suffered from neurodegenerative disease or expansive tumor. Basic clinical and demographic data are shown in Table 1 .
Patients were grouped according to side of epileptogenic region (left versus right), determined by ictal EEG and neuroimaging findings. Seizure onset was left temporal (LT) in 12 (41.4%) and right temporal (RT) in 17 (58.6%). Twenty (68.9%) patients exhibited signs of hippocampal sclerosis (hippocampal atrophy and high signal intensity) on magnetic resonance. In the LT group, 9 (75%) exhibited signs of hippocampal sclerosis ipsilateral to the epileptogenic hemisphere. In the RT group, 11 (64.7%) had right hippocampal sclerosis; in one the sclerosis was bilateral, though the right hippocampus (ipsilateral to the epileptogenic hemisphere) was more affected, presenting atrophy and high signal intensity. Of the patients without hippocampal sclerosis, five showed signs of temporal dysplasia (three RT and two LT) and two non-expansive tumoral etiology. The estimated IQ by using the Vocabulary, Block Design, Similarities and Digit Symbol subtests of the WAIS-III did not show differences between groups according to side of epileptogenic region (F = 0.076; P = 0.785).
Neuropsychological assessment
As a part of the preoperative assessment, a comprehensive neuropsychological test battery was administered, comprising tests covering the cognitive domains of declarative memory and language. The neuropsychological profile is grouped in Table 2 according to areas examined.
We included certain subtests of the Wechsler Memory Scale-Third Edition, 40 the most recent revision of the original Wechsler Memory Scale. 41 . The Wechsler Memory Scales are among the most commonly used tests for neuropsychological assessment in surgical centers for epilepsy, 10 but the results of the few studies that have using the entire scale have shown a limited ability to detect laterality dysfunction in preoperative patients with temporal lobe epilepsy. 42, 43 In addition, administration of the scale is time-consuming, and Cañi-zares et al. 44 among others have demonstrated that abbreviated forms of the WMS-R, 45 the previous version of the WMS-III, are reliable and time-efficient for estimating memory indexes in patients with drug-resistant partial epilepsy. Our neuropsychological battery therefore included the following subtests from the WMS-III: Logical Memory I and II, Faces I and II, and Visual reproduction I and II. We also included the subtests of Vocabulary, Block Design, Digit Symbol and Similarities of the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III), 46 the Rey Auditory-Verbal Learning Test (RAVLT), 47 the Boston Naming Test (BNT), 48 and the Animal Naming for semantic fluency.
Statistical analysis
Two multivariate analysis of variance (MANOVA) with a main factor -side of the epileptogenic hemisphere (left versus right) -were performed in order Lateralizing value in patients with temporal lobe epilepsy 571 to analyse declarative memory and language domains. Scores on the Vocabulary subtest and age were used as covariates in the model. In the first MANOVA, we studied several declarative memory measures: RAVLT, Logical Memory, Visual Reproduction and Faces, including immediate and delayed recall. To study the language domain, BNT and semantic fluency were used as dependent variables in a MANOVA method. Finally, a multivariate binary logistic regression analysis with forward conditional stepwise method was performed to determine which neuropsychological variables best predict the side of seizure onset.
MANOVA served for two purposes: first, to consider and control the intercorrelation between variables that is to be expected in a large battery such as this; second, to avoid type 1 errors in the statistical decision process. The use of MANOVA reduced the probability of obtaining significant results by chance.
Though the difference on the estimated IQ score was not significant, this score was used as a covariate in the model, in order to control the wellknown influence of intellectual capacity on memory and language cognitive domains. We also included age as a covariate to control its effect on the performance of some tests. Significant MANOVA effects were subsequently analysed by univariate analyses of variance (ANOVAs). Raw scores were used to increase the measure's sensitivity. Statistical analyses were performed with SPSS/PC+ version 10.0.
Results
Clinical and demographic characteristics of the sample
The analysis of the categorical variables did not differ significantly from those expected in terms of gender (x 2 = 0.358; P = 0.55) and the presence of hippocampal sclerosis (Fisher's exact test P = 0.694). The groups were therefore homogeneous for these variables.
In order to compare groups in terms of age, age of epilepsy onset and education, several factor analyses of variance (ANOVA) with one main factor (hemisphere of the epileptic region) for quantitative variables were performed. Groups were homogeneous for age (F = 0.055; P = 0.816) and education (F = 0.018; P = 0.894). Age of epilepsy onset presented no significant differences according to the side of epileptic region (Mann-Whitney U = 96; P = 0.790).
Main results
Performance of the groups on the subtest battery was average in general, with some results lowaverage. Descriptive data are displayed on Table 3 .
Declarative memory
Various measures of declarative memory were studied in the first multivariate analysis of the variance: RAVLT, Logical Memory, Visual Reproduction and Faces, including immediate and delayed recall. Multivariate contrasts were statistically significant for the covariate of the model estimated IQ (Pillai's Trace = 0.536; F = 2.596; P = 0.044). The multivariate effect of side of epileptogenic region (right versus left) and the covariate age did not reach statistical significance (Pillai's Trace = 0.411; F = 1.571; P = 0.202; and Pillai's Trace = 0.464; F = 1.946; P = 0.115, respectively).
Before interpreting the univariate results, we checked the homogeneity of variance between the groups for each of the dependent variables. All were homogeneous, except for Logical Memory I subtest (F = 7.367; P = 0.011), so we opted to use a non-parametric post hoc statistical analysis.
Regarding the univariate results of the MANOVA, significant results were obtained for the models corresponding to immediate and delayed visual 572
T. Raspall et al. memory (Visual Reproduction I F = 4.313, P = 0.014; Visual Reproduction II F = 3.296, P = 0.037; Faces II F = 4.208, P = 0.015) and total RAVLT (F = 3.783, P = 0.023). Performance on Faces II, Visual Reproduction I and II were explained solely by the covariate estimated IQ (Faces II F = 11.328, P = 0.005; Visual Reproduction I F = 7.791, P = 0.010; Visual Reproduction II F = 4.101, P = 0.054). Total RAVLT was explained by the covariate estimated IQ (total RAVLT F = 4.778, P = 0.038), although it showed a trend toward statistical significance of the effect of the covariate age (F = 3.520, P = 0.072). The models of Logical Memory II (F = 2.491, P = 0.083), Faces I (F = 0.792, P = 0.510), and AVLT delayed recall (F = 1.767, P = 0.179) did not reach statistical significance. The Logical Memory I subtest was unsuitable for parametric testing and so nonparametric analysis was carried out. No significant effect was found for the side of epileptogenic region (Mann-Whitney U = 101; P = 0.965).
Language
Multivariate contrasts showed a significant effect of the covariate estimated IQ on semantic category and naming (Pillai's Trace = 0.333; P = 0.008) and of the side of seizure (Pillai's Trace = 0.243; P = 0.035). The covariate age was not significant (Pillai's Trace = 0.040; P = 0.615).
Levene's contrast, performed prior to the interpretation of univariate analyses, showed heterogeneity between group variances with regard to the variable naming (F = 8.23; P = 0.008). A non-parametric analysis was therefore carried out, demonstrating a significant effect of the side of seizure origin (Mann-Whitney U = 44; P = 0.010) on the Boston Naming Test, LT seizure patients performing worse than their RT counterparts.
The univariate model of semantic fluency was significant (F = 4.282; P = 0.014), explained solely by the covariate estimated IQ (F = 11.937; P = 0.002); side of seizure did not reach statistical significance (F = 0.263; P = 0.612).
Logistic regression analysis
Binary logistic regression analysis was performed to establish whether the seizure foci (determined by EEG and MRI) could be predicted by the sets of neuropsychological variables (of memory and language) used in the preceding MANOVAs.
We used a hierarchical procedure in which estimated IQ and age were entered in the first block, and the neuropsychological scores in the second. In our predictive model, estimated IQ and age were considered as possible confounding variables. As they were forced to enter at the beginning, we achieved statistical control over their possible influences.
Regression analysis indicated that estimated IQ (t score = 0.082; P = 0.775; df = 1) and age (t score = 0.059; P = 0.807; df = 1) were not significant predictors of the hemisphere of the epileptogenic focus. BNT was the first variable to appear in the model and was therefore the best to predict the side of epileptogenic focus (correctly classifying 69% of the cases). Its predictive capacity was bigger in patients with RT lobe seizures (82.4%) than LT patients (50%). The next variable that increased the predictive value was Visual Reproduction II which, together with BNT, increased the model's predictive power to 82.8% (75% of the cases correctly lateralized to the LT group and 88.2% to the RT group). Among the remaining variables with greatest predictive value were Visual Reproduction I, although it did not increase the total percentage (which remained at 82.8% of the total sample). The fourth variable introduced was the Faces I subtest, which, together with the three previous variables correctly classified 89.7% (91.7% of cases in the LT group and 88.2% in the RT group). In the last step of the method, and to predict the subjects in this sample with an effectiveness of 100%, the total AVLT subtests (sum recalled over five trials) were included.
Analyses of the relationships between these five variables, with the main objective of predicting the side of the epileptogenic focus, show that subjects with RT seizures scored better than LT subjects on the BNT (b = 0.229), Visual Reproduction I (b = 0.204) and total RAVLT (b = 5.807), but worse on Visual Reproduction II (b = À0.070) and Faces I (b = À0.437).
Discussion
The only subtest to present significant differences according to the epileptogenic hemisphere was the BNT, on which LT seizure focus patients performed worse overall than RTsubjects. These results broadly agree with those obtained in most previous studies, which suggest the existence of a slight but frequent deterioration of these functions in patients with an epileptogenic lesion in the language-dominant temporal lobe. 17, [30] [31] [32] [33] [34] [35] [36] However, some studies have obtained similarly poor performance in the two groups with regard to normative data 37, 38 or did not find differences. 39 This diversity of results could be explained by the differences in sample size and composition or by the criteria used to group subjects.
In contrast, no significant differences were found between LTand RT patients in encoding and memory retrieval processes for either verbal or visual information; the degree of efficiency obtained by the two groups was similar, in general average and lowaverage. Our data from the various memory subtests used did not therefore confirm the material-specific theory for mnemonic performance. None of the memory subtests included in the neuropsychological assessment could differentiate on their own between patients' performance according to the side of seizure focus. These results are consistent with those of previous investigations which did not find significant differences between RT and LT epileptogenic patients on visual memory tests 20, 23, 26, 27 or on verbal memory tests. [20] [21] [22] 24, 25 However, other studies found significant differences between these patients. 8, 17, 19 When predicting the side of seizure focus with the whole battery, the neuropsychological subtest that was overall the best predictor was the Boston Naming Test (BNT), which assesses visual confrontation naming ability in response to pictures presented visually through 60 black and white pictures which vary in difficulty according to the frequency of their verbal label. This neuropsychological test, together with the Visual Reproduction delayed subtest (VR-II, from the WMS-III), correctly classified 75% of patients with LT seizures and 88.2% of patients with RT seizures. This better ability to lateralize right hemispheric dysfunction using WMS-III subtests corroborates the results of previous studies. 42, 43 There are several possible reasons for the lack of a differential effect of side of seizure region on mnemonic tests. First, if we had used WMS-III primary indexes, we might conceivably have obtained differences between groups according to the side of focus. However, the results of the few studies published to date suggest that the ability of verbal and visual memory indexes of the WMS-III to detect laterality dysfunction is limited in preoperative patients with temporal lobe epilepsy, especially in cases with left temporal epilepsy, 42, 43 though in fact closer examination of the primary results obtained in the study by Baker et al. 43 reveals significant differences on Logical Memory I and II subtests (P < 0.05) between patients with LTand RTseizures.
Moreover, some of the subtests in the Visual Memory Index of the WMS-III have been subject to criticism. In a recent study, Dulay et al. 49 assessed the extent to which different cognitive abilities contribute to performance on the Family Pictures task in 125 patients evaluated for epilepsy surgery. Their results show that this task relies heavily on auditory-verbal based cognitive abilities, as well as on visual memory, and may in fact better represent a general measure of memory performance. These results raise questions about the appropriateness of including performance on this task in the calculations of the WMS-III Visual Index scores.
Nor is the Visual Reproduction subtest of previous versions of the Wechsler Memory Scale immune from criticism. Studies comparing performance on Visual Reproduction (from the WMS-R) between patients with LT and RT seizures only rarely show differences between them, even when sample sizes are large enough to detect small size effects, suggesting that performance on this task from the WMS-R depends more on visuoperceptive and visuoconstructive functions than on memory functions per se. 27 The lack of specificity and validity of the visual subtest of the WMS-R, in which other cognitive functions seem to predominate above memory ability, could have reduced its ability to discriminate between temporal groups.
Second, most of the evidence in support of the material-specific theory comes from studies on postsurgical samples. Neuropsychological assessment performed after epilepsy surgery may confound the potential deleterious effect on cognition of surgery-induced damage with a preexisting deficit related to structural or functional dysfunction secondary to seizure activity. In this regard, while some research has found specific differences on memory performance according to side of epileptogenic region, 16, 50 other studies have failed to find consistent differences in presurgical samples 24 or report only weak trends. 51 Third, patients with temporal lobe epilepsy constitute a heterogeneous population in terms of clinical and electroencephalographic characteristics, neuroimaging findings, and also neuropsychological aspects, [52] [53] [54] The presence of neurological risk factors in infancy as well as the prolonged dysfunction of cerebral tissue due to epileptiform activity, with or without macroscopic structural damage, may have led to an atypical intra-or inter-hemispheric reorganization of cerebral functions. 55, 56 Sample size and differences in the neuropsychological tests used may account for the divergences in the results.
Finally, we should note a number of limitations of this study. The sample size was quite small, especially the LT seizure group. This prevented us from splitting it into subgroups according to the presence of hippocampal sclerosis and analysing the possible effect on mnemonic performance. Moreover, we were unable to include bilateral temporal seizures due to a shortage of eligible patients. Another limitation is the lack of control of the effects of medication, since high doses and polytherapy are prevalent in the refractory population, 57 although these factors are believed to influence mnemonic processes in temporal seizure patients regardless of the side of the epileptogenic focus.
Among the strong points of this study is the fact that all patients underwent an exhaustive presurgical assessment for epilepsy, the fact that the sample was homogeneous for handedness, and that subjects had average estimated IQ, thus ensuring the high internal validity of the design. The use of MANOVA as a statistical procedure reduced the probability of obtaining significant results by chance.
In conclusion, patients with drug-resistant temporal lobe epilepsy show a very similar memory performance, both in encoding and retrieval processes, regardless of the epileptogenic hemisphere. Furthermore, patients with LT seizures perform worse on visual confrontation naming tasks. These results support the hemispheric laterality theory for language but challenge the material-specific theory on memory performance in preoperative temporal lobe epilepsy patients. Only when we consider together some tests, we can predict the side of epileptogenic hemisphere in an acceptable way in this population of TLE patients. Therefore, in our study, we needed at least two tests (BNT and Visual Reproduction II) to achieve a correctly lateralized epileptogenic hemisphere percentage of almost 83% of the sample, RT patients scoring better than LT on the BNT, but worse on Visual Reproduction II.
The findings draw attention to the need to design neuropsychological batteries whose global interpretation is sensitive enough to detect any slight difference in encoding and retrieval memory processes for patients with LT and RT seizures.
